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INNOVATIVE TECHNIQUES FOR THE LOCALIZATION OF SEMINAL 
STAINS AND THE IDENTIFICATION OF SPERMATOZOA 
 
 
WILLIAM DAVID CAVEDON 
 
ABSTRACT 
Semen is a commonly found bodily fluid in sexual assault cases and with an ever 
increasing Sexual Assault Evidence Collection Kit (SAECK) backlog, the ability to 
localize seminal stains and identify spermatozoa in an accurate and efficient manner is 
crucial.  Items of evidence are first visualized under white light followed by an Alternate 
Light Source (ALS) if no stains are readily visible.  When potential semen stains are 
localized, preliminary chemical testing can be performed to guide the analyst to conduct 
further testing or to disregard a certain stain.  Preliminary testing for semen often employs 
the Acid Phosphatase (AP) test which can be applied directly to an item if a stain is visible, 
or using a mapping technique if no stains are identified under white light or ALS.  
Preliminarily positive stains then undergo confirmatory testing for semen during which at 
least one spermatozoon must be identified to make a definitive statement that semen is 
present in a given stain. 
STK® Sperm Tracker™ is a new product that is able to perform AP mapping while 
in contact with an item, allowing easier localization to occur over a larger area.  STK® 
Sperm Tracker™ yielded similar results to the AP Spot reagent when used for mapping 
purposes, however, traditional AP mapping was slightly more sensitive when a 10-minute 
reaction window was used.  
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   Rapid SpermBlue® stain and Goldcyto-SB pre-stained slides are commonly used 
in fertility testing as quick methods to differentially stain spermatozoa and epithelial cells.  
These two methods are similar to the hematoxylin and eosin (H&E) stain in that they 
provide a monochromatic range of coloration with darker blue nuclei compared to 
cytoplasm.  Rapid SpermBlue® and Goldcyto-SB pre-stained slides were compared to 
H&E and Kenerchtrot-Picroindigocarmine (KPIC) stains in their ability to stain aged 
samples, samples exposed to decomposition fluids, and compromised samples in which 
wet evidence was sealed in plastic and left at an elevated temperature.  All methods stained 
the compromised samples as effectively as freshly prepared samples.  Simulated sexual 
assault swabs made with overwhelming ratios of epithelial cells to spermatozoa were 
prepared and the times to prepare and search slides were recorded.  While Goldcyto-SB 
pre-stained slides were the fastest to prepare, they were also the slowest to search due to a 
larger surface area than is utilized by the other methods. 
An attempt was made to optimize a protocol in which a thiol-specific probe could 
be utilized as a sperm-specific dye based on the number of disulfide bonds within 
spermatozoa.  Spermatozoa protamines are known to contain several cysteine residues 
which can be taken advantage of with the fluorescent probe, N-(7-dimethylamino-4-
methyl-3-coumarinyl)-maleimide (DACM).  Spermatozoa heads and tails fluoresced 
brightly with DACM and weaker fluorescence was observed on epithelial cells. To allow 
easier penetration of the fluorescent probe, cells were lysed with Sodium Dodecyl Sulfate 
(SDS) and disulfide bonds broken by the reducing agent, Tris-(2-carboxyethyl)phosphine 
(TCEP).  DACM was able to penetrate the spermatozoa head and bind to thiols even before 
vii 
the addition of SDS and TCEP, though their presence did increase fluorescence.  While 
there is a stark difference between the appearance of spermatozoa and epithelial cells using 
this method, proteomic work will be necessary before the method can be altered to be 
spermatozoa specific. 
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1. INTRODUCTION 
Evidentiary items submitted to a crime lab can be of various sizes, shapes, and 
colors and criminalists must be willing and able to adapt to what is placed in front of them 
in order to complete their testing.  Locating and identifying bodily fluid stains allows an 
analyst to be guided as to what sections of items would likely provide the most probative 
deoxyribonucleic acid (DNA) profiles.  These fluids may be difficult or impossible to see 
and there are other substances capable of causing stains that can be easily confused with 
human samples.  Detection methods utilized must be sensitive and specific to correctly 
identify the fluid and prevent false positive samples from being submitted for downstream 
testing to save the laboratory time and money1. 
A body fluid that is commonly encountered and tested for in forensic laboratories 
is semen2.  The rapid and specific detection of semen is of particular value due to the fact 
there are many labs with sexual assault evidence collection kit (SAECK) backlogs that 
extend back for months or even years.  To quickly screen out semen negative evidence and 
to have a simple, efficient confirmatory test to allow analysts to complete cases without 
sacrificing any productivity or accuracy is crucial if these backlogs are ever to be rectified3. 
 
1.1 Acid Phosphatase in Semen 
Semen, a substance that males naturally produce, has two major constituents: a 
cellular portion which consists mainly of spermatozoa along with some non-sperm cell 
types, and a fluid portion containing soluble enzymes and antigens that are known to be 
present at much higher levels in semen than in other body fluids.  These chemical 
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components are secreted from several accessory glands including the prostate, which 
produces acid phosphatase (AP), one of the most commonly tested components in semen.  
AP has two forms: prostatic acid phosphatase (PAP) and vaginal acid phosphatase (VAP) 
but is in very different concentrations in males and females.  Healthy males have high 
concentrations of PAP in seminal fluid and low concentrations in blood or urine, while 
VAP is present in variable concentrations in vaginal secretions of healthy females4.  
 
1.2 Formation of Spermatozoa Protamines 
 Spermatogenesis is the process of spermatozoa development, which takes place in 
the seminiferous tubules in the testes.  The process begins with stem cells that go through 
rounds of mitosis and meiosis to produce haploid spermatids.  From here, these cells 
undergo spermiogenesis, the process to become mature spermatozoa5.  One of the most 
significant alterations to these cells is the condensation of the DNA within the nuclei as 
protamines take the place of histone proteins. Human spermatozoa contain two protamines, 
protamine 1 (P1) and protamine 2 (P2), which tightly bind to the DNA and help it to be 
contained within the nucleus6. The structure of DNA includes a negatively charged 
backbone due to repeating phosphate residues.  P1 and P2 each contain about half 
positively charged arginine residues, facilitating attraction with DNA.  In addition, human 
protamines each contain several cysteine residues, which are necessary in their ability to 
form disulfide bonds7. The cysteine residues allow inter- and intra-protamine disulfide 
bonds to be formed between the sulfhydryl groups, which assists in DNA being more 
closely compacted.  However, the exact structure of these protamines is unknown and 
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several hypothetical models have been published5.  One such model, postulated by Balhorn, 
involves P1 being wrapped into the major groove of DNA.   This model suggests the DNA-
protamine complex is condensed into toroidal subunits8.  Another model, postulated by 
Biegeleisen, uses a less commonly encountered DNA shape proposed by Wu: a “straight 
ladder” that differs from the common double helix.  If this model is true, a P1-P2 dimer is 
bound ionically to two DNA molecules.  These dimer and DNA complexes could then bind 
to adjacent complexes and be more tightly bound than in the Balhorn model9,10.  Neither 
of these models provide definitive proof as to the true structure formed during the DNA-
protamine condensation. 
 
1.2.1 Protamine Labeling 
 The disulfide bonds that are present in and between protamine complexes produced 
by the sulfhydryl groups of cysteine residues are present in a higher concentration in 
spermatozoa than in many other cells.  These bonds can be reduced to create free thiols, 
which are then open to allow thiol-reactive probes to bind and, therefore, label the 
protamines.  One current method describes permeabilizing a cell membrane, using a 
reducing agent to separate the disulfide bonds, and then adding a thiol-reactive probe11.  
The theory of this method was successfully demonstrated on mouse spermatozoa with 
sodium dodecyl sulfate (SDS) used for cell permeabilization, dithiothreitol (DTT) for 
disulfide bond reduction and N-(7-dimethylamino-4-methyl-3-coumarinyl)-maleimide 
(DACM) for sulfhydryl labeling12.  Recently, the same procedure was repeated on human 
spermatozoa, but was not as successful.  The authors found that much of the cellular pellet 
4 
was lost during the wash steps and that very few sperm were present when the sample was 
dried on a slide.  That study, while used as a basis for some of the work completed here, 
applied the probe in a test tube, which is not a technique commonly utilized in forensics13.  
Procedures reported in other studies have modified this protocol so that the wash steps on 
the sperm cells are performed after the sample has been dried on a microscope slide to 
effectively minimize loss of cells14. 
 While DTT is a commonly used reducing agent, its structure contains two thiol 
groups.  Therefore, unreacted DTT that is not washed away may competitively bind to the 
probe.  The reduction of disulfide bonds can also be performed with tris-(2-
carboxyethyl)phosphine (TCEP).  TCEP lacks any thiol groups within its structure and will 
not bind to the thiol-reactive probe.  It has also been shown that TCEP is more stable when 
used in reactions of higher temperatures and at a higher pH15,16. 
After the reduction of disulfide bonds, the thiol groups are then free to bind with a 
specific probe that is introduced.  Maleimides are a group of thiol-selective reagents that 
add a thiol across the double bond of the maleimide to yield a thioether.  DACM is one 
such maleimide that is nonfluorescent until it reacts with thiols and is excited with 
ultraviolet (UV) light at 376 nanometers (nm) and emits at a blue fluorescence of 465 nm.  
DACM is an excellent candidate as well due to its low molecular weight of 298.3 
grams/mole and its small molecular size, allowing it to easily pass through a permeabilized 
membrane and attach to free thiol groups16. 
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1.3 Current Methods for Semen Identification 
1.3.1 Alternate Light Source 
 An analyst will first thoroughly examine a piece of evidence to note any visible 
staining or damage.  These visible stains can provide an obvious location to initiate testing 
for biological evidence.  Semen stains often appear a whitish-gray color under ambient 
lighting and may feel stiff or appear crusty.   Many factors such as stain size, whether or 
not the item was washed prior to examination, and the substrate color or pattern may make 
it impossible to visualize semen stains under ambient lighting or with the help of additional 
white light sources such as a flashlight.  When this occurs, an analyst will often employ the 
use of an Alternate Light Source (ALS) to assist in the screening of an item to determine 
where to perform their testing. 
 An ALS takes advantage of a property of semen that causes it to fluoresce when 
exposed to a specific wavelength of light.  With an ALS, the excitation wavelength can be 
directed onto the target area and some of this energy will be reflected while some will be 
absorbed.  The absorbed energy excites electrons within the stain to a higher energy level.  
These electrons quickly stabilize back to their original level and release the difference in 
energy in the form of a photon of light.  This photon is at a longer wavelength than the 
original light used for excitation, however, a barrier filter in the form of colored goggles or 
camera lenses must be utilized to block out the original wavelength and allow the new 
longer wavelength to be visualized as fluorescence17.   
 An ALS is frequently used because it is compatible with most substrates, and it is 
also a non-destructive technique that does not detrimentally affect the sample or 
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downstream testing.  Semen has a wide excitation range that extends from 300 nm to 495 
nm.  Its emission spectrum is even wider, ranging between 400 nm and 700 nm18.  Many 
analysts begin their review of evidence with an ALS set to 450 nm with an orange barrier 
filter, however it has been shown that various combinations of wavelengths and filters may 
be effective based on the substrate’s color and composition19. 
 
1.3.2 Presumptive Testing 
 Stains that are detected under white light or through ALS are subsequently 
subjected to presumptive testing as this is a more specific method, but still not confirmation 
that semen was present in the stain.  Presumptive testing for semen is rapid and simple, and 
its purpose is to guide the analyst as to the direction of further testing.  Presumptive tests 
are non-specific by definition, therefore, further testing is always necessary before an 
analyst can definitively state that a stain contains semen.  
 The most common presumptive test for semen involves the chemical detection of 
AP.  One of the most frequently used presumptive tests is the colorimetric test for AP, in 
which a simple color change will alert the analyst as to whether a stain requires further 
semen testing.  Several variations of this test exist but all utilize AP as a catalyst that 
stimulates a colored reaction. Positive results will be further tested while negative results 
imply that detectable levels of semen are not present and additional semen testing is not 
performed.  There are three commonly used methods of testing for AP that each have 
specific advantages: direct testing, indirect testing, and AP mapping.  Direct testing 
involves taking a cutting of the sample and applying the reagent to this cutting, which 
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prevents the sample from being diluted.  This can be helpful for diluted or degraded stains, 
but does consume a portion of the original sample.  Some labs, especially for small, visible 
stains, prefer to use an indirect method of testing in which a moistened swab or filter paper 
is pressed against the stain.  If semen is present, water soluble AP is transferred to the 
swab/paper, which can then be tested to prevent damage to the original stain. Chemical 
mapping is similar to indirect testing in that it utilizes moistened filter paper, but is utilized 
when no stains are visually detectable.  Positive results garnered from this test must then 
be correlated, or “mapped”, to the original piece of evidence to determine the location of a 
latent stain.  This again preserves the integrity of the original piece of evidence and allows 
testing to be readily performed across portions of or the entirety of an item.   
 
1.3.3 Confirmatory Testing 
 A confirmatory test is one that allows the analyst to definitively state that the stain 
in question is semen.  There is currently only one truly confirmatory test for semen - the 
microscopic identification of a spermatozoon head or an intact spermatozoon, as they are 
a type of cell that is only produced in male semen. 
Spermatozoa have three distinct sections: the sperm head, the midpiece, and the 
sperm tail (Figure 1).  The head contains nuclear material throughout except in the 
acrosome, which is a dense cap containing hydrolytic enzymes to assist the spermatozoa 
in penetrating the egg during reproduction.  The midpiece functions to connect the 
spermatozoa head and tail, but is also where mitochondria are housed to power the tail.  
The spermatozoa tail is a long flagellum meant to push the cell through the female 
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reproductive tract to the egg for fertilization.  This tail assists in making spermatozoa 
recognizable during microscopic examination, but is extremely fragile and must be present 
for a sperm to be considered ‘intact’.  If spermatozoa degradation has or is occurring and 
the tail is no longer present, semen can still be confirmed through the identification of 
spermatozoa heads20. 
 
   
 
 
Figure 1. Intact Spermatozoa. (A) Spermatozoa head with lighter shading to indicate the 
approximate area for the acrosomal cap; (B) Midpiece; and (C) Tail.  
 
The three sections of spermatozoa have the ability to be stained to create contrast 
between other cellular material or debris that may be present. Since the tail and midpiece 
are very fragile and are prone to breaking off as the cells are aged and/or prepared for 
staining, only the sperm head is required to confirm semen.  Spermatozoa have a total 
length of approximately 50 – 55 micrometers (m) with the sperm head having a width of 
about 2 – 3 m20.  Therefore, a compound light microscope is needed to identify 
spermatozoa and confirm the presence of semen. 
 
1.3.3.1 Dye Stains 
 There are two commonly used stains in forensics that allow spermatozoa and 
epithelial cells to be visualized under a compound light microscope: the hematoxylin and 
A B 
C 
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eosin stain (H&E), and the Christmas tree or Kernechtrot-Picroindigocarmine (KPIC) 
stain.  However, there are many stains available that are used for other fields, such as 
livestock breeding or human fertility, that have the ability to stain spermatozoa and 
epithelial cells in a similar manner.  Both of these stains are similar in that they provide 
contrast by staining nuclear material one color and other cellular material a second color.  
None of these stains are specific to spermatozoa, and epithelial cells will stain in the same 
manner.  However, since the acrosomal cap on the anterior end of the sperm head does not 
take up the stain as readily, this differential staining assists in microscopic sperm 
identification.  As semen is often searched for in intimate swab samples from SAECKs, 
the presence of epithelial cells is not uncommon and it is of great assistance to have a dye 
that provides contrast between these two cell types. 
 The H&E stain utilizes hematoxylin and eosin Y.  Hematoxylin is a nucleic acid 
stain that stains sperm heads and nuclei of epithelial cells purple while eosin Y stains the 
tails of spermatozoa as well as the cytoplasm of epithelial cells a pink color. The KPIC 
stain utilizes nuclear fast red (NFR) and picroindigocarmine (PIC).  NFR is a nucleic acid 
stain that stains spermatozoa heads and the nuclei of epithelial cells a pink/red color while 
PIC stains the tails of spermatozoa as well as the cytoplasm of epithelial cells green.  
Therefore, the KPIC stain provides greater contrast between cell types than the H&E 
stain21. 
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1.3.3.2 Fluorescent Antibody Labeling 
 There is a commercial kit available that uses antibody labeling to preferentially tag 
sperm cells and cause them to fluoresce even in the presence of many epithelial cells.  The 
kit, SPERM HY-LITERTM (Independent Forensics, Lombard, IL), uses a mouse 
monoclonal antibody that is specific for human sperm heads.  SPERM HY-LITERTM has 
been shown to have no cross-reactivity with 9 other species (bovine, canine, caprine, 
equine, feline, murine, ovine, porcine, simian) and has the ability to identify single sperm 
heads on a slide, but does require a fluorescence microscope that has a 488 nm argon laser.  
The protocol also applies a second dye, 4’,6-diamidino-2-phenylindole (DAPI) which 
stains all nucleic acids to assist analysts in visualizing how many total cells are present22.  
This dye, DAPI, is similar to DACM in that DAPI is also a blue fluorescent dye that absorbs 
UV light and fluoresces at 465 nm23.   
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2. MATERIALS AND METHODS 
 The present study was conducted as three individual studies, each dealing with the 
identification of semen, but performed separately.  Human semen was commercially 
acquired from three donors (Bioreclamation LLC., Westbury, NY) and was also collected 
from one anonymous donor in a plastic fluid specimen cup.  Swabs from the vaginal cavity 
of two females, saliva and semen were collected from anonymous donors in accordance 
with a protocol approved by the Boston University School of Medicine Institutional 
Review Board. 
 
2.1 Presumptive Semen Testing 
2.1.1 Sensitivity Study  
 Presumptive testing for semen was performed for the first portion of this study.  
Current methods (visual/tactile examination, ALS, AP Spot Test mapping) were compared 
to the STK® Sperm Tracker™ (AXO Science, Villeurbanne, France).   
 Four fabrics of varying color, texture, and pattern were obtained to represent the 
variable types of evidence that may be received by a crime lab for sexual assault cases.  
The four fabrics were given the following designations: Fabric 1 – one pink fitted sheet 
labeled “Morgan Home 100% Cotton” (Morgan Home Fashions, Aberdeen, NJ), Fabric 2 
– one pink, flannel-style blanket with pink, green, and white polka dots labeled “Just One 
You Made by Carter’s Style 100% Cotton” (Carter’s, Atlanta, GA), Fabric 3 – one brown 
towel with light blue trim labeled “Target 100% Cotton” (Target, Minneapolis, MN), 
Fabric 4 – one light blue pillowcase labeled “100% microfiber”. 
12 
Four hundred eighty microliters (L) of each semen sample was pooled in a 
microcentrifuge tube and lightly vortexted to ensure mixing.  The following dilutions were 
created in separate microcentrifuge tubes using the pooled samples and deionized water 
(diH2O): 1:5, 1:10, 1:50, 1:100, 1:500.  Each dilution as well as neat semen and diH2O was 
spotted four times, in lines designated 1 – 4, on all four fabrics with 50 L constituting 
each spot.  A black marker was used to outline the drying stain, approximately 1/8 inch 
(in.) from the outside edge of the stain.  These stains were allowed to air dry before being 
packaged in paper bags between testing (Figure 2).  As a positive control, PAP was 
purchased (Lee Biosolutions, Maryland Heights, MO) and spotted onto white fabric 
swatches.  For a negative control, diH2O was spotted onto a similar swatch.  These controls 
underwent the same protocol as all tested semen stains. 
13 
 
  
 
       
 
Figure 2. Fabric Design for Sensitivity Study. (A) Fabric 1 – 100% cotton fitted sheet, (B) Fabric 
2 – 100% cotton flannel blanket, (C) Fabric 3 – 100% cotton towel, and (D) Fabric 4 – 100% 
microfiber pillowcase shown with diH2O and semen dilutions neat through 1:500.  
 
Individually, each fabric was removed from its paper bag and laid on a cleaned 
bench with fresh bench paper replaced between trials.  The stains were all examined 
visually under white light and any deviations from the normal coloration of the fabric were 
noted.  The fabrics were then subjected to a tactile examination with gloved hands, noting 
whether the fabrics felt differently within the circled stain area compared to outside it.  
Following this, an ALS examination was conducted using a CrimeScope CS-16-500 
(SPEX Forensics, Edison, NJ) set to 455 nm and observed with orange barrier filter 
goggles.  Any fluorescence within the circled stain area was noted.   
A 
D 
C 
B 
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Each dilution from lines 1 and 2 was subjected to AP testing using the AP Spot 
reagent.  This reagent was made fresh daily by adding 0.26 grams (g) of AP Spot reagent 
(Serological Research Institute, Richmond, CA ) to 10 milliliters (mL) of water and stirring 
until the reagent dissolved.  A 15 centimeter (cm) diameter, P5 filter paper (Thermo Fisher 
Scientific Inc., Waltham, MA) was sprayed liberally with diH2O from a height of 8 in. until 
the filter paper was dripping with water when raised into the air.  The filter paper was then 
placed over the stain and approximately 5 pounds of pressure applied for one minute.  The 
weight was then removed and the filter paper flipped over.  One to two drops of AP Spot 
Reagent were applied using a Pasteur pipette and were allowed to react for ten minutes.  A 
positive result was recorded if the filter paper turned a pink/purple color while a negative 
was recorded if no color change occurred.  Approximate reaction times were recorded for 
positive results.   
Each dilution for lines 3 and 4 were subject to AP testing using the STK® Sperm 
Tracker™ paper.  The paper was cut to the size of the stains and the absorbing side (side 
that feels like cardstock paper) was first sprayed liberally with diH2O until it was dripping 
with water when raised into the air.  The paper was then laid across the stain with the 
absorbing side down and the analysis side (feels like plastic) facing the analyst.  The paper 
was pressed with approximately 5 pounds of pressure for 3 minutes before the weight was 
removed. The room was brought to complete darkness and, with the paper still overlaid 
atop the fabric, it was viewed using a UV lamp at 365 nm (Spectroline, Westbury, NY) 
with clear protective goggles.  Positive results were recorded if the paper turned blue while 
negative results were recorded if no color change occurred.  
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2.1.2 Specificity Study 
 Since VAP is similar to PAP in all areas except for electrophoretic mobility, its 
cross reactivity to the AP testing was explored4.  The two swabs from the vaginal cavity of 
independent donors were extracted in 1 mL of diH2O for one hour with mild vortexting 
approximately every ten minutes.  From these extractions, 50 L of each were pooled in a 
microcentrifuge tube.  Two white cotton swatches each had 50 L of this pooled sample 
spotted onto it and a circle was drawn around the drying stain approximately 1/8 in. away 
to designate its location.  One of the swatches underwent the AP Spot Reagent procedure 
while the other was subjected to the STK® Sperm Tracker™ procedure, both described in 
section 2.1.1.  This procedure was performed in duplicate. 
 The lubricants present on condoms were tested in a similar manner for cross 
reactivity.  Three condom brands were purchased and labeled in the following manner: C1 
– Durex Invisible™ Ultra Thin Ultra Sensitive (SSL International, London, United 
Kingdom), C2 – Trojan™ Ultra Thin for Ultra Sensitivity (Church and Dwight Company, 
Princeton, NJ), C3 – Lifestyles® Ultra Sensitive (Lifestyles Healthcare, South Iselin, NJ).  
An individual C1 condom was unpackaged and freshly unrolled.  The condom was firmly 
rubbed against an approximately ¼ in. round area on Fabric 1 for 10 seconds in four distinct 
locations that were labeled lines 1 – 4.  A different section of the condom was rubbed for 
each line to ensure each location received similar amounts of lubricant.  This was repeated 
for each brand of condom, with each one being rubbed on Fabrics 1 – 4.  These four lines 
were examined and tested in the same manner (white light, tactile, ALS, AP Spot Mapping, 
STK® Sperm Tracker™) as described in section 2.1.1. 
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 Liquid lubricant jellies were also tested for cross reactivity.  Three brands of 
lubricants were purchased and labeled in the following manner: L1 – KY® Ultra Gel 
Personal Lubricant (Reckitt Benckiser, Slough, United Kingdom), L2 – Wet® Platinum® 
Sultry Strawberry (Trigg Laboratories, Las Vegas, NV), L3 – Durex Massage and Play 
Intensity with Enhancing Guarana (SSL International, London, United Kingdom).  
Approximately 1 mL of each lubricant was placed into separate microcentrifuge tubes.  
From this, 50 L of L1 was spotted onto Fabric 1 in four distinct locations labeled lines 1 
– 4.  A circle was drawn around the drying stain of L1 approximately 1/8 in. from the border 
of the stain to designate its location.  This was repeated for each brand of lubricant, with 
each one spotted on Fabrics 1 – 4.   These four lines were tested in the same manner (white 
light, tactile, ALS, AP Spot Mapping, STK® Sperm Tracker™) as described in section 
2.1.1. 
 
2.1.3 Decomposition Study 
 Samples from a 2015 study in which semen stains on fabric were exposed to a 
decomposing pig for a period of time were obtained for use in the current study24.  
Approximately 2 cm x 2 cm cuttings from a 95% cotton T-shirt were saved from various 
days post-mortem.  Semen samples that were located on top of the pig were gathered from 
days 0, 1, 6, 11, 14, and 20 as well as control semen samples from the same days that were 
also left to outdoor conditions but were left a distance away from the pig and therefore not 
subject to decomposition fluids.  These pieces were subject to white light, tactile, and ALS 
examination as described in section 2.1.1.  The fabrics were then cut in thirds with one 
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third being subjected to the AP Spot Mapping procedure, one third tested with STK® 
Sperm Tracker™, and one third saved for a confirmatory microscopic examination. 
 
2.2 Confirmatory Dye Stains 
2.2.1 General Protocols 
 This section of the study compared four methods of dyeing spermatozoa to assist 
in visualization under a compound microscope.   
  Three semen samples were pooled in a microcentrifuge tube, with 20 L from each 
donor, and then centrifuged at 14,000 relative centrifugal force (rcf) for two minutes to 
pellet the cellular material.  Taking care to not disturb the pellet, 40 L of the supernatant 
was removed and discarded.  The pellet was resuspended in the remaining 20 L by gentle 
vortexing. 
 From the pellet, 3 L was pipetted onto three microscope slides and heated on a 60 
degrees Celsius (°C) hot plate for five minutes to fix the spermatozoa that were to be stained 
with H&E, KPIC, and Rapid SpermBlue® (Microptic SL, Barcelona, Spain).  For H&E 
testing, 2 drops of hematoxylin (Thermo Fisher Scientific Inc., Waltham, MA) were placed 
on the sample using a Pasteur pipette and allowed to absorb for 3 minutes before rinsing 
with a gentle stream of methanol.  Then, 2 drops of Eosin Y 1% Solution in Water (Thermo 
Fisher Scientific Inc., Waltham, MA) were applied to the sample and allowed to absorb for 
2 minutes before again rinsing with a gentle stream of methanol and allowed to air dry 
without being disturbed.  Finally, one drop of Cytoseal™ (Richard-Allan Scientific™ 
18 
Company, San Diego, CA) mounting media was applied to a glass cover slip that was 
carefully placed over the sample and allowed to dry. 
 For KPIC testing, 2 drops of NFR (Serological Research Institute, Richmond, CA) 
were placed on the sample and allowed to absorb for 10 minutes before rinsing with a 
gentle stream of diH2O over a sink.  Then, 2 drops of PIC (Serological Research Institute, 
Richmond, CA) were applied to the sample and allowed to absorb for 1 minute before 
rinsing with a gentle stream of ethanol  and allowed to air dry without being disturbed.  
Finally, one small drop of Cytoseal™ mounting media was applied to a glass cover slip 
which was carefully placed over the sample and allowed to dry. 
For Rapid SpermBlue® testing, 2 drops were placed on the sample using a Pasteur 
pipette and allowed to absorb for 45 seconds.  The slide was slowly dipped into a beaker 
containing diH2O and held at an approximately 70° angle for six seconds.  The slide was 
removed and allowed to air dry on a lab bench without being disturbed.  Finally, one small 
drop of Cytoseal™ mounting media was applied to a glass cover slip which was carefully 
placed over the sample and allowed to dry. 
From the above pooled sample, 3 L was also pipetted onto a Goldcyto-SB pre-
stained slide (Microptic SL, Barcelona, Spain).  A small glass cover slip was placed over 
the sample and lightly pressed to spread the sample out.  The slide was heated on a 60°C 
hot plate for five minutes.  All of the above prepared slides were visualized at 400x on a 
compound light microscope.   
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2.2.2 Simulated Sexual Assault Samples 
 Mimicked sexual assault samples were created to provide overwhelming ratios of 
epithelial cells to spermatozoa.  Saliva from one donor and three semen samples were 
utilized for this portion of the study.  Dilutions of semen were created at 1:10, 1:50, and 
1:100 using diH2O.  From the neat sample as well as each of the dilutions, 20 L of semen 
as well as 20 L of saliva were combined in a microcentrifuge tube.  This was centrifuged 
at ~14,000 rcf for 2 minutes.  Taking care to not disturb the pellet, 20 L of the supernatant 
was removed with the pellet being resuspended in the remaining 20 L.  The neat sample 
and all dilutions were stained with all four dyes as described in section 2.2.1 and visualized 
at 400x with a compound light microscope. 
 
2.2.3 Compromised Samples 
  Semen from three donors and saliva from one donor were utilized for this portion 
of the study. From the pooled neat semen, 250 L was combined with 250 L of saliva.  
This newly pooled solution was gently vortexted to mix the cell types.  From this overall 
pooled sample, 50 L was pipetted on five separate white cotton swatches with a black 
marker used to draw a circle around the drying stain approximately 1/8 in. away from the 
edge of the stain to designate its location.  Immediately after this was completed, each 
swatch was separately sealed in an airtight plastic bag and placed in an oven at 37°C to 
simulate improperly packaged evidence or samples that are exposed to high heat and 
humidity conditions.  After 24 hours, one bag was taken out of the oven and the swatch 
removed.  A cutting, approximately 1 millimeter (mm) x 1 mm, was taken from the center 
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of the circled area.  This was placed in a microcentrifuge tube that was filled with 250 L 
of diH2O and allowed to extract at room temperature for 60 minutes with gentle vortexting 
approximately every 10 minutes.  After this time, clean forceps were used to remove the 
fabric cutting and place it in a spin basket which was then placed back into the original 
tube.  The tube was centrifuged at ~14,000 rcf for 2 minutes.  From the supernatant, 230 
L were removed with the remaining 20 L being used to resuspend the pellet.  The pellet 
was then transferred to a microscope slide, stained with the four dyes described in section 
2.2.1 and visualized at 400x with a compound light microscope.  The amount of time 
required to stain each slide as well as the amount of time it took to identify at least one 
spermatozoa head or intact spermatozoa with each type of dye was recorded.  This 
procedure was repeated with the remaining samples in the oven after 48 hours, 72 hours, 
120 hours, and 2 weeks. 
 
2.2.4 Decomposed samples 
 The remaining one third of the cuttings that had not yet been tested were placed in 
separate microcentrifuge tubes and extracted following the same procedure used to create 
the compromised samples.  A pellet of 20 L was produced and stained with the four dyes 
described in section 2.2.1 before being visualized at 400x with a compound light 
microscope. 
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2.2.5 Aged Room Temperature Samples 
 Samples from a 2013 study in which human semen was diluted to 1:10 with diH2O 
and pipetted onto sterile cotton swabs were obtained25.  These samples, which were allowed 
to air dry before being packaged in a paper bag, were allowed to sit in a dark cabinet at 
room temperature until they were removed approximately 4.5 years later.  Approximately 
½ of one of these swabs was cut and placed in a microcentrifuge tube with 250 L of 
diH2O.  Cells were extracted from the swab over a 60-minute period following the 
procedure utilized for the decomposed samples.  These were stained with the four dyes and 
visualized at 400x with a compound light microscope.  This procedure was repeated with 
½ of a second 1:10 dilution swab. 
 
2.3 Thiol-Reactive Probe14 
2.3.1 Solution Preparation 
 The following solutions were prepared based on previous studies performed in this 
laboratory13,14: 
 10 millimolar (mM) DACM stock solution 
o 500 L of Dimethyl Sulfoxide (DMSO) (Sigma-Aldrich, St. Louis, MO) 
o 1.5 milligrams (mg) of DACM (Thermo Fisher Scientific Inc., Waltham, MA) 
 0.5 mM DACM intermediate solution 
o 950 L of 0.1 M Tris-Hydrochloride (Tris-HCl) pH 6.8 (Trizma® Base, Sigma-
Aldrich, St. Louis, MO) 
o 50 L of 10 mM stock solution of DACM 
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 10 micromolar (M) DACM working solution 
o 980 L of 0.1 M Tris-HCl pH 6.8 
o 20 L of 0.5 mM intermediate solution of DACM 
o Working solution stored at -20°C in light safe pouches 
 Poly-L-Lysine working solution 
o 180 mL diH2O 
o 20 mL 0.1% Poly-L-Lysine in diH2O (Sigma-Aldrich, St. Louis, MO) 
o Solution stored between 2-6°C  
 4% Formaldehyde in Phosphate Buffered Saline (PBS) pH 6.8 (Thermo Fisher 
Scientific Inc., Waltham, MA) 
o 3 mL of PBS pH 6.8 
o 1 mL of 16% formaldehyde (Thermo Fisher Scientific Inc., Waltham, MA) 
o Solution stored at room temperature  
 100 mM N-ethylmaleimide (NEM)/Iodoacetamide (IAM) 
o 40 mL of diH2O 
o 5 mL of 0.1 molar (M) Tris-HCl pH6.8 
o 0.625 g NEM (Sigma-Aldrich, St. Louis, MO) 
o 0.925 g IAM (Sigma-Aldrich, St. Louis, MO) 
o Using diH2O, bring the final volume to 50 mL 
o Solution stored between 2-6°C 
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 1% SDS in 10 mM Tris-HCl pH 6.8 
o 20 mL of 10 mM Tris-HCl pH 6.8  
o 0.1 g SDS 
o Stored at room temperature 
 14.3 mM DAPI stock solution 
o 2 mL diH2O 
o Entire contents of DAPI vial (10 mg) (Thermo Fisher Scientific Inc., Waltham, 
MA) 
o Stock solution stored in 1 mL aliquots in light safe pouches at 2-6°C  
 300 M DAPI intermediate solution 
o 100 L PBS pH 6.8 
o 2.1 L of 14.3 mM DAPI stock solution 
o Intermediate solution stored in light safe pouches at 2-6°C 
 300 nanomolar (nM) DAPI working solution  
o 1 mL PBS pH 6.8 
o 1 L of 300 M DAPI intermediate solution 
o Solution stored in light safe pouches at 2-6°C 
 
2.3.2 Slide Cleaning and Preparation  
 Slides were washed in 1% Alconox (Alconox Inc., White Plains, NY) in warm 
water.  Microscope slides were prepared by washing in a 1% hydrochloric acid (HCl) in 
70% ethanol.  Poly-L-Lysine working solution was poured into a Coplin-style jar and 
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allowed to come to room temperature.  The slides were submerged in this for 5 minutes 
and then placed in a 60°C oven for 1 hour to allow them to dry.  
 
2.3.3 Cell Preparation 
 A semen sample from one donor was utilized for this portion of the study.  
Approximately 100 L were transferred into a microcentrifuge tube and mixed with 60 L 
of PBS.  The tube was gently vortexted and then spun at ~14,000 rcf for 5 minutes.  The 
supernatant was gently removed and the pellet was resuspended in 20 L of diH2O. 
 An approximately 1 mL saliva sample from one donor was utilized for this portion 
of the study.  The tube was centrifuged at 800 rcf for 3 minutes.  The supernatant was 
gently removed and the pellet was resuspended in 1 mL of PBS by gently vortexing.  The 
wash step for epithelial cells was repeated twice more.  
 
2.3.4 Fixing of Cells 
 Ten microliters each of the epithelial and semen cell preparations were pipetted 
onto a cleaned microscope slide and allowed to air dry.  Cells were fixed by pipetting 40 
L of 4% formaldehyde onto the slide and leaving it for 15 minutes.  One milliliter of PBS 
was pipetted onto the slide and left for 5 minutes.  The slides were then rinsed with 
approximately 3 mL of PBS. 
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2.3.5 DAPI Staining for a Microscope Control 
 Using a slide with fixed cells, 40 L of 300 nM DAPI solution was added to cover 
the cells.  This was allowed to sit for 5 minutes protected from light (slide was placed in a 
closed drawer).  One milliliter of PBS was pipetted onto the slide and left for 5 minutes.  
The slides were then rinsed with approximately 3 mL of PBS.  Once the slide was allowed 
to completely air dry, 1 drop of ProLong Gold antifade reagent (Thermo Fisher Scientific 
Inc., Waltham, MA) was added onto the sample.  A small glass coverslip was carefully 
lowered onto the sample and the slide was allowed to cure for 24 hours on a flat surface in 
the dark.  The coverslip was then sealed with clear nail polish on all edges and allowed to 
dry before sample visualization. 
 
2.3.6 DACM Only Staining 
   Using a slide with fixed cells, 40 L of 10 M DACM working solution was added 
to cover the cells.  This was allowed to sit for 15 minutes protected from light (slide was 
placed in a closed drawer).  One milliliter of 0.1 M Tris-HCl pH 6.8 was pipetted onto the 
slide and left for 5 minutes.  The slides were then rinsed with approximately 3 mL of 0.1 
M Tris-HCl over a weight boat with the waste being properly disposed of.  Once the slide 
was allowed to completely air dry, 1 drop of ProLong Gold antifade reagent (Thermo 
Fisher Scientific Inc., Waltham, MA) was added onto the sample.  A small glass coverslip 
was carefully lowered onto the sample and the slide was allowed to cure for 24 hours on a 
flat surface in the dark.  The coverslip was then sealed with clear nail polish on all edges 
and allowed to dry before sample visualization. 
26 
2.3.7 Cell Lysis and Bond Breakage 
 Using a slide with fixed cells, 40 L of 1% SDS was added to cover the cells and 
allowed to sit for 10 minutes.  One milliliter of 10 mM Tris-HCl was pipetted onto the slide 
and left for 5 minutes.  The slides were then rinsed with approximately 3 mL of 10 mM 
Tris-HCl before 40 L of TCEP was added to cover the cells.  This was allowed to sit for 
20 minutes and then 1 mL of PBS was pipetted onto the slide and left for 5 minutes.  The 
slides were then rinsed with approximately 3 mL of PBS before the DACM staining 
procedure was followed. 
 
2.3.8 Determination of Disulfide Bonds 
 To determine the presence of disulfide bonds, a blocker, NEM/IAM, was used that 
blocks free thiols.  After cell lysis and bond breakage, 40 L of NEM/IAM were pipetted 
onto the sample and allowed to sit for 15 minutes.  One milliliter of 0.1 M Tris-HCl was 
added and left for 5 minutes.  The slides were then rinsed with approximately 3 mL of 0.1 
M Tris-HCl before the DACM staining procedure was followed. 
 
2.3.9 Microscopy 
 Microscopy was performed using a ZEISS LSM 710 confocal microscope (ZEISS 
International, Oberkochen, Germany) to obtain images in both brightfield and using the 
DAPI filter.  Images were obtained using the ZEISS ZEN black software (ZEISS 
International, Oberkochen, Germany). 
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3. RESULTS 
3.1 STK® Sperm Tracker™ 
3.1.1 Sensitivity Study 
 Neat semen, semen dilutions (1:5, 1:10, 1:50, 1:100, 1:500) and a negative control 
consisting of diH2O were applied to four different fabrics for non-chemical examination 
(visual, tactile, and ALS) and chemical testing (AP Spot mapping and STK® Sperm 
Tracker™).  For the initial examination, no semen stains were visible at a dilution greater 
than 1:10 or felt noticeably different past 1:50.  When an ALS set to 455 nm with orange 
goggles was used, fluorescence was observed up to 1:500 for the 100% microfiber 
pillowcase, but not beyond 1:10 otherwise (Figure 3).  White light visualization was 
considered positive if the circled area exhibited different coloration from the areas of the 
fabric that did not contain any stains.  Tactile examinations were noted as positive if the 
circled area had a stiff or crusty feeling characteristic of semen stains.  The ALS 
examination was recorded as positive if any fluorescence greater than any potential 
background fluorescence occurred.  
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Figure 3. Non-Chemical Examination for Semen Sensitivity. Total number of positive results 
for semen dilutions using white light, tactile, and ALS examinations. Results here represent 
quadruplicate trials on four fabrics (100% cotton fitted sheet, 100% cotton flannel blanket, 100% 
cotton towel, 100% microfiber pillowcase). 
 
These same dilutions were then subjected to chemical testing for the presence of 
AP in duplicate.  Of the four original lines containing each dilution, two lines from each 
fabric underwent AP Spot mapping and two were tested with STK® Sperm Tracker™ 
(Figure 4).  The AP Spot mapping results were all positive through the 1:10 dilution with 
one 1:50 dilution and one 1:100 dilution from a single fabric also positive.  Positive results 
were recorded if the tested filter paper turned a pink/purple color within the ten-minute 
cutoff while negative results resulted in no color change.  For the STK® Sperm Tracker™, 
only neat, 1:5 and 1:10 samples yielded positive results.  Positive results were noted if the 
paper exhibited a blue fluorescence under a UV ALS set to 365 nm (Figure 5).  
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Figure 4. Chemical Testing for Semen Sensitivity. Total number of positive results for semen 
dilutions using AP Spot mapping and STK® Sperm Tracker™. A positive was recorded if there 
was a color change corresponding with the appropriate chemical reagent.  Results here represent 
duplicate trials on four fabrics (100% cotton fitted sheet, 100% cotton flannel blanket, 100% cotton 
towel, 100% microfiber pillowcase). 
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Figure 5.  Positive and Negative Results seen by STK® Sperm Tracker™.  Duplicate tests of 
diH2O (left), neat semen (middle), 1:5 semen (right) observed under 365 nm after 3 minutes under 
pressure.  Positive results are seen for the neat and 1:5 dilutions as blue areas of fluorescence. 
 
3.1.2 Specificity Study 
 The pooled vaginal secretions tested yielded positive results for both the AP Spot 
mapping test and the STK® Sperm Tracker™.  While positive, the result for vaginal 
secretions exhibited only a small center circle of the original stain while the semen stains 
exhibited positive AP throughout the stain.  The positive results for vaginal secretions also 
appeared to have less strong fluorescence than was demonstrated by positive semen stains 
(Figure 6).  
diH2O                                     Neat Semen                         1:5 Semen 
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Figure 6. Vaginal Secretions with STK® Sperm Tracker™. Duplicate vaginal secretions (left, 
middle) and 1:5 semen dilution (right) exhibiting positive results seen under 365 nm after 3 
minutes. 
 
 Three different condom brands and three different lubricant brands were evaluated 
in the same chemical and non-chemical manner as were used during the sensitivity portion.  
For the three condoms tested, there was one fabric, the 100% cotton towel, on which all 
three brands exhibited similar visual and tactile characteristics to semen stains.  However, 
on the other three fabrics, there were not any stains that would be misidentified with similar 
visual or tactile characteristics to semen stains (Figure 7).  Only one condom lubricant 
rubbed onto one fabric exhibited semen-like fluorescence under the ALS.  This condom on 
this fabric was performed in quadruplicate, as it was for the other three fabrics tested, but 
the condom only produced one weakly positive result under ALS.  As for the three liquid 
lubricants, the results greatly varied by which fabric the lubricant was tested on, but all 
three did exhibit similar visual or tactile characteristics to semen at least once.  All three 
also demonstrated fluorescence under an ALS that was similar to that produced by semen 
stains (Figure 8).  When tested with AP Spot mapping and with STK® Sperm Tracker™, 
however, there were no positive results by either method, demonstrating no cross reactions 
with condom or liquid lubricants. 
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Figure 7. Condom Lubricant Appearance on Varying Fabrics. Lubricant from a Durex 
Invisible ™ condom rubbed onto a 100% cotton towel (L) and a 100% microfiber pillowcase (R).  
The towel exhibits white discoloration while it is unnoticeable on the pillowcase.  
 
 
Figure 8. Non-Chemical Examination for Semen Specificity. Total number of positive results 
for condoms (C1-C3) and lubricants (L1-L3) using white light, tactile, and ALS examinations.  
Results here represent quadruplicate trials on four fabrics (100% cotton fitted sheet, 100% cotton 
flannel blanket, 100% cotton towel, 100% microfiber pillowcase). 
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3.1.3 Decomposition Study 
  Semen that was stained on fabric and exposed to decomposition fluids and the 
semen control stains had a yellow or yellow-brown color on all days tested (0, 1, 6, 11, 14, 
20)24.  All fabrics did feel stiff but it was impossible to determine if this was from the semen 
stain itself or any environmental factors that affected all fabrics.  While the visual and 
tactile examinations of the decomposition exposed and control fabrics were positive for all 
days tested, only the control fabrics had easily identifiable fluorescence for all days when 
exposed to the ALS.  While the decomposition fabrics had strongly fluorescent stains on 
days 0, 1, and 6, the stains then became difficult to distinguish.  On days 11 and 14, there 
were large, circular areas of white fluorescence that resembled semen, but were present 
across the fabric swatch.  On day 20, the entire swatch was strongly fluorescent and the 
position of the original semen stain was unable to be determined.  These final three days 
were all determined to be inconclusive due to the extensive background fluorescence 
(Table 1).  For AP Spot mapping, the control and decomposition exposed fabrics were 
positive for all days.  On the day 20 decomposition exposed stain, the test produced a very 
weak positive result after 9 minutes and 20 seconds, only 40 seconds from the cutoff time.  
STK® Sperm Tracker™ was positive for all days with the control fabric and for days 0, 1, 
6, 11, and 14 for decomposition exposed stains (Table 2).  While stains from all other days 
fluoresced blue, STK® Sperm Tracker™ exhibited a negative result with a yellow-brown 
discoloration over the fabric on day 20 (Figure 9). 
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Table 1. Non-Chemical Examination for Semen Exposed to Decomposition Fluids. Positive 
results () recorded if there was any difference between the background and circled area during 
visual and tactile examination while inconclusive results (Inc.) were due to large amounts of 
background fluorescence.  The two columns per day represent the semen control fabrics (C) and 
the semen exposed to decomposition fabrics (DE).  
 Day 0 Day 1 Day 6 Day 11 Day 14 Day 20 
White 
Light 
            
Tactile             
ALS        Inc.  Inc.  Inc. 
 
Table 2. Chemical Examination for Semen Exposed to Decomposition Fluids. Positive results 
() recorded if there was any difference between background appearance or feeling while negative 
results () exhibited no color change.  The two columns per day represent the control fabric (left) 
and the decomposition fabric (right). 
 Day 0 Day 1 Day 6 Day 11 Day 14 Day 20 
AP Spot 
Mapping 
            
 
STK® 
Sperm 
Tracker™ 
            
C DE C DE C DE C DE C DE C DE 
C DE C DE C DE C DE C DE C DE 
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Figure 9.  STK® Sperm Tracker™ Results for Semen Exposed to Decomposition Fluids.  
Control samples and samples exposed to decomposition samples on days 0, 1, 6, 11, 14, and 20 
(left to right). 
 
3.2 SpermBlue® 
3.2.1 Simulated Sexual Assault Study 
 The four dyes tested (H&E, KPIC, Rapid SpermBlue®, Goldcyto-SB pre-stained 
slides) all provided sufficient contrast between spermatozoa, epithelial cells, and 
background debris to successfully identify spermatozoa even amongst overwhelming 
amounts of epithelial cells.  Spermatozoa combined with epithelial cells at ratios of 1:1, 
1:10, 1:50, and 1:100 were all able to be identified (Figure 10).  In all cases, the 
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spermatozoa head exhibited less staining in the acrosomal cap but dark, concentrated 
staining in the rest of the head.  With KPIC, Rapid SpermBlue® and Goldcyto-SB pre-
stained spermatozoa, the head demonstrated darker coloration than epithelial cell nuclei, 
assisting in identification.  For H&E, the epithelial cell nuclei had similar coloration to 
spermatozoa heads.  As seen in the images for KPIC, Rapid SpermBlue® and Goldcyto-
SB pre-stained slides, spermatozoa heads are at least partially obscured by epithelial cell 
cytoplasm, but are still easily identifiable.  This is crucial in samples containing few 
spermatozoa and large amounts of epithelial cells, as the dyes provide contrast between the 
cell types and any other debris that may be present.  
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Figure 10.  Spermatozoa Identified at a 1:100 ratio of Spermatozoa to Epithelial Cells.  
Spermatozoa noted by red arrows when stained with H&E (A), KPIC (B), Rapid 
SpermBlue® (C) and Goldcyto SB pre-stained (D). 
 
3.2.2 Compromised Samples Study 
Samples that were packaged wet in airtight plastic bags at 37°C were stained after 
24 hours, 48 hours, 72 hours, 120 hours, and 2 weeks. Throughout the duration of this 
study, spermatozoa and epithelial cells did not exhibit any diminishment of staining as 
compared to samples that were freshly prepared (Figure 11).  
A B 
C D 
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Figure 11.  Spermatozoa and Epithelial Cells Packaged Wet at High Temperatures.  
One spermatozoa for each dye is noted by a red arrow.  Stains are shown as follows: H&E 
(A), KPIC (B), Rapid SpermBlue® (C) and Goldcyto SB pre-stained (D). 
 
3.2.3 Decomposed Samples Study 
The untested portion of decomposition exposed and control fabrics from days 0, 1, 
6, 11, 14, and 20 were studied to determine if any dyes had difficulty being taken up by 
spermatozoa.  No extracted semen stains tested, controls or decomposition exposed 
samples, demonstrated any differences in the ability to uptake any dyes (Figure 12).  Only 
spermatozoa cells were utilized here and even though debris was present, spermatozoa 
heads were still easily identifiable at all time points tested.  
A B 
C D 
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Figure 12.  Spermatozoa Exposed to Decomposition Fluids.  Spermatozoa samples from 
day 0 control (column 1), day 0 decomposition exposed (column 2), day 20 control (column 
3), and day 20 decomposition exposed (column 4).  Cells are noted by red arrows when 
stained with H&E (row A), KPIC (row B), Rapid SpermBlue® (row C) and Goldcyto SB 
pre-stained (row D). 
 
3.2.4 Aged Samples Study 
 Dyes were evaluated by their ability to be taken up by sperm cells extracted from 
semen swabs left at room temperature for approximately 4.5 years.25.  No dyes were unable 
to be taken up by spermatozoa and there did not appear to be any diminishment of 
coloration from aged samples compared to freshly prepared samples (Figure 13).   
A 
B 
C 
D 
1 2 3 4 
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Figure 13.  Room Temperature Aged Spermatozoa.  Spermatozoa samples at a 1:10 
dilution and aged approximately 4.5 years at room temperature.  Cells were stained with 
H&E (A), KPIC (B), Rapid SpermBlue® (C) and Goldcyto SB pre-stained (D). 
 
3.2.5 Efficiency of Slide Preparation and Review 
The amount of time required to prepare five slides individually was recorded for 
each dye and the average time was calculated (Table 3).  The time was recorded from when 
semen was pipetted onto the slide until the slide was ready for visualization.  The fastest 
dye to apply was Goldcyto-SB pre-stained slides which was 3.5x faster than the slowest 
type of slide to prepare, KPIC.  In addition to recording the time to prepare each slide, the 
A B 
C D 
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average times to identify at least one spermatozoa were noted amongst a variety of 
conditions with differing amounts of spermatozoa, epithelial cells and debris for ten slides 
(Table 4).  Time was recorded from the time the slide was placed on the microscope until 
at least one spermatozoa was accurately identified.  The dye that facilitated the quickest 
identification of a spermatozoon was KPIC, which was approximately 2.8x faster than the 
slowest dye Goldcyto-SB pre-stained slides.  
Table 3.  Average Time (minutes) to Prepare Slides with Each Dye. 
Slide Number 1 2 3 4 5 Average 
H&E 13:32 13:15 13:00 13:22 14:58 13:37 
KPIC 19:50 19:02 19:10 19:39 18:37 19:15 
SpermBlue® 10:12 11:53 12:06 12:19 9:13 11:08 
Goldcyto-SB  5:34 5:30 5:25 5:25 5:35 5:30 
 
Table 4.  Average Time (seconds) to Identify One Spermatozoa with Each Dye. 
Slide Number 1 2 3 4 5 6 7 8 9 10 11 Average 
H&E 11 16 12 12 25 24 19 17 15 13 60 20.36 
KPIC 15 9 9 10 15 10 11 12 12 17 53 15.73 
SpermBlue® 13 12 31 50 10 20 16 11 15 18 71 24.27 
Goldcyto-SB  55 10 18 12 10 45 22 26 48 66 174 44.18 
 
3.3 Thiol-Reactive Probe 
3.3.1 DAPI Staining 
 Spermatozoa and epithelial cells were initially stained with only DAPI as a 
fluorescent control to ensure proper performance of the microscope (Figure 14).  The dye 
was localized to the spermatozoa head with a diminishment of coloration in the acrosome. 
Staining was only present in the nuclei of epithelial cells with a level of fluorescence 
similar to that seen in the spermatozoa acrosome.   
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Figure 14. Spermatozoa and Epithelial Cell Stained with DAPI. Cells are viewed with the DAPI 
filter using the 20X objective with a 4.5x zoom. 
 
3.3.2 DACM Staining  
Spermatozoa and epithelial cells were stained with only the dye, DACM, to 
determine if there was any initial binding to free thiols before the cell was treated with SDS 
and prior to destruction of any disulfide bonds broken with TCEP.  Spermatozoa heads and 
tails fluoresced brightly with differential staining on the acrosome.  Epithelial cells 
exhibited only minor staining on the membrane of the cells and were much less bright than 
the spermatozoa (Figure 15).  A z-stack image was taken of spermatozoa in which slices 
were taken to better understand the position of the dye, and it does appear that DACM was 
localized to the nucleus.  It also was able to penetrate the tail of the spermatozoa and bind 
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to free thiols located within it.  For epithelial cells, it appears the dye bound to some free 
thiols around the membrane of the cell and did not penetrate further. 
 
Figure 15. Spermatozoa and Epithelial Cells Stained with DACM. Cells are viewed with the 
DAPI filter using the 20X objective with a 2.6x zoom. 
 
3.3.3 SDS, TCEP, and DACM Staining 
When cells were lysed and disulfide bonds broken prior to the addition of the stain, 
DACM, spermatozoa and epithelial cells both exhibited increased fluorescence as 
compared to DACM staining alone (Figure 15 and Figure 16).  The epithelial cell 
membrane again is all that appears to be stained but is much brighter and more well-defined 
than was previously seen.  The spermatozoa heads and tails also appear to have increased 
fluorescence and only some spermatozoa heads still exhibit differential staining at the 
acrosome.  While some heads appear to be fully saturated with stain, this may just be 
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because the dye appears so bright that it bleeds through the acrosome and appears more 
concentrated than it actually is. 
  
Figure 16. Spermatozoa and Epithelial Cells Stained with DACM After SDS and TCEP 
Treatment. Cells are viewed with the DAPI filter using the 20X objective with a 2.6x zoom. 
 
3.3.4 SDS, TCEP, NEM/IAM, and DACM Staining  
 After cell lysis and disulfide bond breaking, NEM/IAM, a free thiol blocker, was 
applied.  When performed, there was no staining exhibited on spermatozoa or epithelial 
cells (Figure 17).  All images for section 3.3 were taken using the same settings on the 
microscope to ensure there were no discrepancies between trials. 
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Figure 17. Spermatozoa and Epithelial Cells Stained with DACM After SDS, TCEP, and 
NEM/IAM Treatment. Cells are viewed with the DAPI filter using the 20X objective with a 
2.6x zoom. 
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4. DISCUSSION 
4.1 STK® Sperm Tracker™ 
4.1.1 Review of Manufacturer’s Protocol 
 Before commencing with the portions of the study on STK® Sperm Tracker™, 
preliminary experiments were run to assess several of the manufacturer’s testing 
parameters.  AXO Science provided a user manual with their product which stated the 
paper should be “wetted thoroughly” prior to use.  STK® Sperm Tracker™ was tested with 
purchased PAP and diH2O as positive and negative controls, respectively, to check each of 
these conditions independently.  The paper was wetted to saturation and to over saturation 
such that it was dripping wet and it was observed that positive reactions were almost 
nonexistent if Sperm Tracker™ was not dripping wet.  The manufacturer recommended 
that the paper be wetted with approximately 150-200 mL/square meter (m2), but amounts 
of water up to 300-400 mL/m2 were necessary for significant reactions26. 
In addition, the manufacturer states the paper should be evaluated after 3 minutes 
under pressure.  A test using a pane of clear glass to provide pressure demonstrated that 
positive reactions occurred as soon as 30 seconds and continued without further increase 
in fluorescence through 3 minutes, although more dilute stains may require a longer period 
of contact prior to evaluating the paper26.  The paper and the fabric were evaluated again 
after 31 days and fluorescence could still be observed on the Sperm Tracker™ paper as 
well as on the fabric.  Some of the reagent from the paper appeared to have transferred onto 
the fabric, allowing fluorescence to be visualized in both places. 
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Finally, the paper was observed at 365 nm as well as at 350 nm to determine if other 
UV wavelengths could stimulate the same desired response.  The manufacturer’s protocol 
stated a UV range from 365 nm to 366 nm should be utilized; a more common UV 
wavelength of 350 nm is often utilized by forensic analysts, so the paper was tested for 
possible suitability at multiple wavelengths.  At 350 nm, the paper exhibited minimal 
fluorescence that was difficult to identify even for pure PAP.  The blue fluorescence was 
much darker at 350 nm and only appeared over approximately ¼ of the original stain area.  
At 365 nm, the fluorescence was a much brighter blue color and covered the entire original 
stain area, allowing easier identification of positive results. 
 
4.1.2 Comparison to Existing Product 
STK® Sperm Tracker™ yielded similar results to the AP Spot reagent when used 
for mapping purposes.  The specificity for each chemical technique was similar, regardless 
of the type of fabric, and neither cross-reacted with condoms or lubricants.  While 
sensitivity was similar through the 1:10 dilution, AP Spot mapping produced one positive 
response at both the 1:50 and 1:100 dilutions where Sperm Tracker™ was negative.  The 
1:50 positive reaction occurred after 5 minutes 45 seconds while the 1:100 reaction 
occurred after 8 minutes and 40 seconds.  A study performed in the United Kingdom found 
that laboratories across its comprising countries used an AP reaction time cutoff of 2 
minutes even though there was no documented scientific basis for this decision.  The 
authors performed a sensitivity study and determined that diluted semen stains required a 
longer time to react than more concentrated samples, and suggested a 10-minute cutoff for 
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possibly dilute samples27.  The results here support the use of an extended reaction time, 
as sensitivity increased for AP Spot mapping when a 10-minute reaction time was 
employed.  
When testing semen stains that had been exposed to decomposition fluids for 20 
days, only AP Spot mapping was able to identify AP.  STK® Sperm Tracker™ gave an 
atypical negative response consisting of a dark discoloration over the area where the stain 
was placed.  The AP Spot reaction for the day 20 stain took 9 minutes and 40 seconds to 
appear, providing another example of a positive result that would have been missed had a 
2-minute cutoff been utilized.   It should be noted, however, that only one decomposition 
sample was tested due to limitations of sample availability, and further testing should be 
conducted to ensure consistent results. 
Both AP Spot mapping and STK® Sperm Tracker™ are intended for use when the 
location of a stain is not perceptible through white light or ALS examinations.  The greatest 
advantage of STK® Sperm Tracker™ over AP Spot mapping is the paper’s ability to 
remain on the item of evidence when scanning for a positive result.  A UV light is passed 
over STK® Sperm Tracker™ while it is still in contact with the item of evidence, allowing 
the analyst to identify the exact location of the original stain.  AP Spot mapping on the 
other hand, requires an analyst to apply the reagent to a piece of filter paper after it has 
been removed from the item of evidence.  When testing a large item of evidence such as a 
bedsheet, the analyst must then attempt to determine where the positive result would 
correspond with the item.  This can be a difficult process during which an analyst may 
misidentify the location and sample from an unstained area.  STK® Sperm Tracker™ also 
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has the advantage of coming in large sheets that can be rolled out over large items of 
evidence such as blankets or comforters.  AP Spot mapping, on the other hand, employs a 
wetted filter paper which is not commonly utilized in large sheets.  AP Spot mapping is 
much more difficult to conduct for large pieces of evidence in which no stains are visible.     
 
4.1.3 Previous Research 
Previous research by Borges, et al. regarding STK® Sperm Tracker’s™ 
applicability to forensic casework has demonstrated, for the most part, similar results to 
those presented here.  Borges demonstrated a sensitivity of 1:20 for diluted semen and 
found the paper most applicable when testing large pieces of evidence.  However, this 
previous study reported that no cross reactivity exists with other body fluids, including 
vaginal secretions28.  This is interesting due to the existence of VAP and its similarity to 
SAP, and this result is in contrast to the results obtained in this study.  While a positive 
result was observed with VAP here, the appearance varied from semen results as VAP 
showed up in a smaller area and with less intensity than positive results from semen. 
The authors reported that subsequent DNA analysis of semen stains showed no 
interference from reagents contained within the STK® Sperm Tracker™ paper28.  This is 
of interest since the reagents of the paper (fluorescence) were shown to have transferred 
onto the fabric in the present study. 
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4.2 SpermBlue® 
4.2.1 Current Usage 
 SpermBlue® dyes, both the liquid version which was pipetted onto samples, as well 
as the dye impregnated into Goldcyto-SB pre-stained slides, are currently widely used by 
researchers of fertility and reproduction29,30.  Male fertility potential is dependent on many 
factors, including the normalcy of one’s spermatozoa.  Clinicians require dyes which will 
have no significant effect on spermatozoa shape and are amenable to automation to allow 
rapid screening of spermatozoa count and dimensions of the cell.  SpermBlue® has been 
found to be a fast, automation-friendly dye which is similar in osmolality to human semen, 
preventing variations in spermatozoa head dimensions29. 
 A previous study of SpermBlue® has also found it to be of assistance as it stains 
spermatozoa of different species different hues of blue30.  This is of interest as some species 
demonstrated a reversal of coloration between the spermatozoa acrosome and remainder 
of the head.  While differentiating animal spermatozoa from human spermatozoa is not 
common in most forensic labs, cases have existed in which pet canine spermatozoa had to 
be distinguished from human spermatozoa to assist in reconstructing events31. 
 
4.2.2 Review of Manufacturer’s Protocol 
Prior to the testing performed here, a review of the procedure from Microptic SL 
was conducted.  The instructions provided listed that samples should be washed with PBS 
prior to staining spermatozoa with Rapid SpermBlue® or Goldcyto-SB pre-stained 
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slides32,33.  However, since no difference or diminishment of stain quality was observed 
regardless of if the sample was washed, this step was not conducted for further testing. 
 
4.2.3 Comparison to Existing Products 
 The two most commonly used dye stains in forensics are H&E and KPIC which 
were compared to SpermBlue® and Goldcyto-SB.  No difference was found in the ability 
of the dye to be taken up by spermatozoa in samples that were aged, compromised through 
improper packaging, or exposed to decomposition fluids.  Each dye was able to 
differentially stain the head, tail and acrosome of spermatozoa.  The primary differences in 
these products were the times required to prepare the slides as well as to microscopically 
identify a spermatozoon.  The Goldcyto-SB pre-stained slides did not require any staining 
time, thus they were the quickest to prepare, about 3.5x faster than the slowest dye to apply, 
KPIC.  Goldcyto-SB slides simply required the sample to be pipetted on, have a coverslip 
applied, and be left on a 60°C hot plate for five minutes33.  However, these were also the 
slides which required longer analysis times, approximately 2.8x longer than the time 
required to analyze KPIC stained slides.  This discrepancy in identification time is due to 
the preparation differences since H&E, KPIC, and Rapid SpermBlue® involve the sample 
being immediately heat fixed after being pipetted on.  With pre-stained slides, though, a 
coverslip is applied and pressed down on the wet samples directly after being pipetted on.  
This changes the evaluation area from approximately 25 mm2 to 324 mm2.  The larger 
surface area is important for the clinical uses of this dye as it allows automation to occur 
more easily.  In a forensic setting, where it is not uncommon to analyze a slide with a single 
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spermatozoon head amongst overwhelming amounts of epithelial cells, larger surface area 
only increases analysis time.  The Rapid SpermBlue® liquid dye was the second fastest to 
apply as it is a one-step dye, but was the third-fastest dye for analysis.  This was similar in 
analysis to H&E as both stain in varying shades of a single or similar color.  While this 
does not prevent identification of spermatozoa, it does not provide the clarity seen with the 
differential colors of KPIC.  The increase in time to analyze slides with Goldcyto-SB and 
the similarity of Rapid SpermBlue® to existing dyes leads them each to be unlikely to be 
implemented in a forensic context. 
 
4.3 Thiol-Reactive Probe 
The goal of this research was that a thiol-reactive probe, when applied after the 
lysis of cells and the breaking of disulfide bonds, would be spermatozoa specific to allow 
rapid screening of sexual assault slides.  The procedures previously developed were hoped 
to be optimized and to be repeated to gain a deeper understanding of how the currently 
used reagents are performing14.  Observing strong fluorescence levels in spermatozoa for 
both the trials with only DACM applied and with SDS, TCEP and DACM applied was 
somewhat unexpected.  DACM has a molecular weight of 298.2976 grams/mole and it was 
unexpected that it could pass through the cell membrane so easily or that it would find so 
many free thiols with which to react 16.  A stronger fluorescence level was observed when 
a treatment was applied that lysed the cells and reduced the disulfide bonds, allowing easier 
penetration for the dye and providing more opportunities for binding to occur.  When the 
blocker NEM/IAM was applied, all fluorescence ceased from both spermatozoa and 
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epithelial cells, confirming no background fluorescence or non-specific binding was 
occurring.  DACM must be entering the cell and binding to free thiol groups because the 
blocker is able to quench all fluorescence. 
In preliminary experiments, variations were performed with leaving reagents on for 
longer periods of time and with raising the temperature of the reaction to about 30°C, but 
similar results were obtained regardless of changes made to the protocol.  Future trials 
should explore dyes with a larger molecular size to delay penetration of the spermatozoa 
until lysis of the cell occurs.  Other variations may be necessary to make the protocol more 
specific, such as changing the quantities or concentrations of reagents used to make the 
protocol more selective.  Finally, there should be proteomic work done on the composition 
of spermatozoa membranes and nuclei, as well as the epithelial cell membrane, to better 
understand where disulfide bonds exist and if there are free thiol groups in these areas 
which are accessible for binding with DACM.  
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5. CONCLUSIONS 
 STK® Sperm Tracker™ is a useful semen screening tool for the presence of AP and 
is most likely to be implemented by laboratories if they frequently rely on AP Spot mapping 
for large pieces of evidence.  Sperm Tracker™ has the advantage of being produced in 
large sheets that would easily be manipulated across bedding or towels, but does require 
being used in a dark room with a UV light source and is not as specific as AP Spot mapping.  
AP Spot produced positive reactions at higher dilutions and with stains exposed to 
decomposition fluids for 20 days when allowed a longer reaction time.  These two products 
are fairly comparable and each have slightly different advantages if a lab must employ 
mapping techniques. 
 Rapid SpermBlue® and Goldcyto-SB pre-stained slides are histological dyes that are 
similar to the two most commonly utilized forensic dyes, KPIC and H&E.  None of these 
four dyes exhibited any change in their ability to stain spermatozoa and epithelial cells 
when exposed to decomposition fluids, aged at room temperature for 4.5 years, or packaged 
improperly at high temperatures.  While Rapid SpermBlue® and Goldcyto-SB pre-stained 
slides are faster to prepare than KPIC and H&E, the pre-stained slides require a much larger 
surface area to be viewed, which can greatly increase analysis time for samples containing 
low amounts of spermatozoa.  Rapid SpermBlue® is comparable in analysis time to KPIC 
and H&E, and therefore is unlikely to be implemented into forensic laboratories since no 
advantage over current methods was identified.  
 A spermatozoa-specific fluorescent thiol probe that can be rapidly applied has not 
yet been identified and the current research has found DACM is able to effectively 
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penetrate spermatozoa and epithelial cells before cells are lysed and disulfide bonds 
broken.  The blocker NEM/IAM confirmed the dye is actually binding to free thiols and 
the observed fluorescence is not due to auto-fluorescence or non-specific binding.  
Proteomic research must be conducted to better understand the structure of P1 and P2 as 
well as to determine the location of disulfide bonds within spermatozoa to optimize this 
protocol to be spermatozoa specific. 
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